: Non-universal X quantum number and Z 2 parity for SM and non-SM fermions.
The present model proposes an abelian extension G SM ⊗U(1) X whose quantum numbers are nonuniversal in the fermionic sector and free from chiral anomalies:
A discrete symmetry Z 2 has been added in order to get at least one generation distinguishable. Such a set of quantum numbers is obtained by including exotic fermions, so as the number of non-universal solutions get increased. These new fields are chiral isospin singlets, so they must get mass through a new scalar singlet named χ which also breaks the abelian extension through its vacuum expectation value (VEV) v χ . Additionally, a scalar singlet σ with the inverse Z 2 parity of χ and without VEV is also added such that radiative corrections involving such a field give mass to massless fermions at tree level. Lastly, since the active neutrinos have really small masses, the particle content has a set of three Majorana fermions so as the inverse see-saw mechanism (ISS) can be implemented.
The previous requirements are satisfied by the fermion spectrum shown in table 1. In addition to the SM fermions, there were added three right-handed neutrinos ν e,µ,τ R , one up-like quark T , two down-like quarks J 1,2 and three Majorana fermions N 1,2,3 R . Regarding to the scalar sector, shown in table 2, two Higgs doublets with different X-charges were included together with the scalar singlets χ and σ. Finally, the gauge sector comprises the SM gauge bosons and the new Z µ associated with U(1) X .
The mass acquisition of fermions is produced by the Yukawa Lagrangian of the model. Thus, in order to satisfy the gauge symmetry SU(2) L ⊗U(1) Y ⊗U(1) X , some Yukawa couplings are forbidden and the mass matrices get zero textures which produce the fermion mass hierarchy. In the quark sector, the resulting Yukawa Lagrangian is
Scalar bosons X Z 2 Higgs Doublets Table 2 : Non-universal X quantum number for Higgs fields.
where φ 1,2 = iσ 2 φ * 1,2 are the conjugate scalar doublets, a = 2, 3 label the quark doublets of the 2nd and 3rd families, and n(m) = 1, 2 are the indices of the J n(m) quarks (a sum over the indices i, a and n is understood), while the lepton sector has the neutral lepton Yukawa Lagrangian
and the charged lepton Yukawa Lagrangian given by
The following subsections presents the mass acquisition in each one of the fermionic sectors, where the implementation of see-saw mechanisms and radiative corrections is extensively used so as every fermion gets mass according to phenomenological data. After the SSB, the mass matrix of the up-like quarks is, in the basis U = (u 1 , u 2 , u 3 , T )
Its eigenvalues are obtained by diagonalizing its left-handed squared matrix
U have a hierarchy suited for a see-saw procedure [20, 21] , it is implemented so as the exotic species T can be rotated out, obtaining the block-diagonal matrix m 2
T is the squared mass of the exotic T quark,
The eigenvalues of the resulting SM up quark mass matrix m 2 U are the masses of the t and c quarks
, m
However, the u quark mass have to be generated through radiative corrections [22] . By adding up such contributions to the mass matrix and diagonalizing it again, the mass of the u quark turns out to be
where Σ 11 is guven by
and the loop coefficient is
In a similar way, the SSB gives the mass matrix of the down-like quarks. In the basis
The mass eigenvalues are obtained by diagonalizing the left-handed squared matrix Similarly, the blocks of M 2 D have the hierarchy suited for a see-saw procedure [20, 21] . Thus, the the masses of the exotic species J 1,2 are, aproximately
and the resulting mass matrix m 2 D involving only SM down quark is
where only the b quark has acquired mass,
The quarks d and s remain massless, inconsistently with the phenomenological data. Therefore, radiative corrections are needed in the down quark sector, analogously to the issue with the u quark.
The new components in the matrix m 2 D (11) are where Σ lj is similar to eq. (7). In this way, the masses of the d and s quarks can be expressed as, approximately,
By evaluating the neutral lepton Yukawa Lagrangian at the VEVs of the scalar fields, a Majorana mass matrix emerges which, in the basis
e,µ,τ R C , N e,µ,τ R C T turns out to be
is a Dirac mass matrix between ν L and ν R , M D = h ν χ v χ / √ 2 is a Dirac mass between ν c R and N R (h N χ is a 3 × 3 matrix), and M M is the mass of the Majorana fermions N R .
By assuming M M m D and M D , the matrix will show M ν shows the inverse see-saw mechanism where the smallness of active neutrino masses can be addressed. If the following blocks are defined
and a see-saw diagonalization is performed, the resulting mass matrix is diag(m light , m heavy ), where m light and m heavy are the Majorana masses of the light and heavy neutral species, respectively. They are given by
When the latter mass matrix m heavy is diagonalized, two quasi-degenerated mass matrices appeared, where the degeneracy is broken by the Majorana mass,
Finally, the charged lepton sector is presented. First, a remarkable property of this sector is that E gets decoupled from the other leptons, so it does not contribute in the mass acquisition mechanisms. Therefore, the mass matrix is expressed in the basis E = (e e , e µ , e τ , E)
whose determinant is null, i.e., e remains massless. Again, this issue is overpassed by including one-loop corrections so as the complete mass matrix is
with ∆M E being the radiative corrections
The mass eigevalues are obtained by diagonalizing the left-handed squared matrix M E M † E , which yields
The squared mass matrix M E M † E can be diagonalized by blocks [21] so as the exotic species E is rotated out. Then, the resulting SM charged lepton mass matrix has rotation matrix
where the angle t αeµ = tan α eµ ≈ η/h is left as a free parameter in order to fit the model to current neutrino phenomenological data.
The suitability of the model in addresing neutrino physics can be tested by exploring its parameter space and searching for regions were neutrino oscillation data are obtained. For simplicity, M D is assumed diagonal and M M proportional to the identity
Therefore, by replacing (15) in (17), the Majorana mass for light neutrinos is gotten
with ρ = h N χ1 /h N χ2 . The determinant of this matrix is null, so one neutrino is massless and the squared mass differences determine the masses of the other two. m light is diagonalized by
where the matrix U ν transforms the weak eigenstates ν . Consequently, the PMNS matrix is obtained as the product of U ν with the rotation matrix of the charged
Finally, as usual, the PMNS matrix will be parametrized by the CKM angless [23] . The search is done by using MonteCarlo procedures on the Yukawa parameters h νe 2e , h νµ 2e , h ντ 2e , h νe 2µ , h νµ 2µ , h ντ 2µ and the angle α eµ . The other two angles of V E SM,L described by Σ 13 /H and Σ 23 /H were approximated to m e /m τ , while h νµ 2e was set zero to simplify the search. The appropriate mass scale and mass ordering can be obtained by adjusting the outer factor of the mass matrix and the ratio ρ. The NO is obtained when h N χ1 2 = 0.02 and ρ 2 = 0.5, while the IO corresponds to h N χ1 2 = 0.025 and ρ 2 = 0.625. In the same way, the mass scale is set by v 2 = 7 GeV, v χ = 7 TeV and µ N = 1 keV. These values fix the outer factor of the mass matrix (24) at 50 meV, yielding the suited squared-mass differences for NO and IO scenarios [20] .
The results of the search are presented in tables 3 and 4 for NO and IO schemes, respectively. The tables show how the region in the parameter space changes with the value of α eµ in both schemes, and the larger regions in the NO makes the model more consistent with this scheme than the other, according with neutrino oscillation data reported by [10] at 3σ. Thus, the neutral spectrum of the model is composed by three active light neutrinos ν Table 3 : Yukawa coupling domain which fulfil at 1σ neutrino oscillation data for NO reported by [10] . h νe 2µ = 0 for simplifying the MonteCarlo search. Table 4 : Yukawa coupling domain which fulfil at 1σ neutrino oscillation data for IO reported by [10] . h νe 2µ = 0 for simplifying the MonteCarlo search.
Some issues which the SM cannot address, such as the fermion mass hierarchy or neutrino oscillations might be understood in implementing non-universal abelian extensions. This work shows how these schemes are useful in searching for frameworks where fermion masses get their particular ordering without unpleasant fine-tunings.
From the cancelation of chiral anomalies, the addition of exotic fermions and a supplementary discrete symmetry Z 2 the fermion families can be distinguishable so as the mass matrices get zerotextures. Although the mass hierarchy is obtained, too many fermions turned out to be massless and they need radiative corrections to acquire mass. These processes are mediated by the exotic fermions and the scalar field σ in such a way that all charged fermions got masses at one-loop level.
On the other hand, the smallness of neutrino masses is achieved by the addition of Majorana fermions which produce an inverse see-saw mechanism and violating lepton number conservation. Because of the null determinant of the neutrino mass matrix, one neutrino gets massless. Additionally, in order to test the suitability of the model in understanding neutrino oscillation data, the parameter space of neutrino Yukawa Lagrangian is explored. The model results more consistent with NO scheme than IO ones.
